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1
PLATFORM HEAVY DUTY TRANSFER CASE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 62/156,941 filed May 35, 2013. The entire
disclosure of the above applications 1s incorporated herein
by reference.

FIELD

The present disclosure relates generally to power transier
systems for controlling the distribution of drive torque from
a powertrain to the front and rear drivelines of a four-wheel
drive vehicle. More particularly, the present disclosure
relates to a two-speed transfer case configured for use in
heavy duty four-wheel drive vehicles and which 1s equipped
with a low torque power transfer arrangement and a high
torque power transier arrangement.

BACKGROUND

This section provides background information related
generally to the present disclosure which 1s not necessarily
prior art.

Due to continuing consumer demand for four-wheel drive
vehicles, a plethora of different power transfer systems are
currently utilized for directing power (1.e., drive torque) to
all four wheels of the vehicle. For example, in many
“part-time” power transier systems, a transfer case 1s
installed between the front and rear drivelines and 1s nor-
mally operable 1n a two-wheel drive mode for only deliv-
ering drive torque to the rear wheels. However, when a
four-wheel drive mode 1s desired, a mode shift mechanism
1s selectively actuated by the vehicle operator for directly
coupling the front wheels to the rear wheels for establishing
a part-time or locked four-wheel drive mode.

A significant number of the transier cases are also
equipped with a gear reduction unit and a range shiit
mechanism operable for permitting the vehicle operator to
choose between high-range and low-range drive modes. In
some 1nstances, the vehicle must be stopped before the
transfer case can be shifted between 1ts high-range and
low-range drive modes. Unfortunately, the need to stop the
vehicle prior to shifting between the high-range and low-
range drive modes 1s 1nconvenient, particularly upon
encountering road conditions or surface terrains where con-
tinuation of the vehicle’s rolling momentum would assist in
overcoming the conditions encountered. To alleviate this
inconvenience, some two-speed transier cases are equipped
with a synchronized range shift mechanism from permitting,
“on-the-move” shifting between the high and low ranges.

It 1s also known to use “on-demand” power transier
systems for automatically directing power to the front
wheels, without any input or action on the part of the vehicle
operator, when traction 1s lost at the rear wheels. Typically,
this on-demand feature 1s incorporated into the transier case
by replacing the mode shift mechamsm with a multi-plate
clutch assembly and a power-operated clutch actuator that
are 1nteractively associated with an electronic control system
and a sensor arrangement. During normal road conditions,
the clutch assembly 1s maintained 1n a non-actuated condi-
tion such that drive torque 1s only delivered to the rear
wheels. However, when the sensors detect a low traction
condition at the rear wheels, the clutch assembly 1s auto-
matically actuated to also deliver drive torque to the front
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wheels. The amount of drive torque transierred through the
clutch assembly to the front wheels can be varied as a

function of specific vehicle dynamics and operational char-
acteristics detected by the sensors.

Conventional transfer cases are typically engineered for
use 1n regular-duty trucks and passenger-carrying SUVs.
Transfer cases are also used in heavy-duty vehicular appli-
cations, with such being commensurately sized to accom-
modate the higher load and torque requirements. However,
the recent development of vehicles with lower numerical
axle ratios and increased transmission output torques has
mandated development of new transier cases for heavy-duty
vehicle application that are capable of accommodating the
increased torque requirements. These so-called heavy-duty
transier cases but also typically requiring much larger and
heavier components. The lower volumes associated with
such heavy-duty transfer cases result 1n detrimental eflects
to their overall manufacturing cost and the vehicle’s fuel
economy and overall weight.

Accordingly, a recognized need exists to develop two-
speed heavy duty transier cases that address and overcome
these and other disadvantages associated with conventional
transier cases.

SUMMARY

This section provides a general summary of the present
disclosure and 1s not intended to be an exhaustive and
comprehensive listing of all of its aspects, objectives and
features.

It 1s an aspect of the present disclosure to provide a
transier case for use 1n heavy duty four-wheel drive vehicles
that overcomes the known shortcomings of conventional
heavy-duty transfer cases and concomitantly advances the
field of art related to four-wheel drive systems.

It 1s a related aspect of the present disclosure to provide
a transier case for heavy duty four-wheel drive vehicles that
can be assembled using otherwise available (1.e. platform)
components and sub-systems associated with smaller and
lighter regular-duty and medium-duty transfer cases for
enhanced component commonality and utilization.

In accordance with these and other aspects and objectives
of the present disclosure, a two-speed transier case for
heavy-duty vehicular applications 1s configured to include: a
mainshait adapted to be driven by the output of a powertrain;
a rear output shaft adapted to be connected to a rear
driveline; a front output shaft adapted to be connected to a
front driveline; a transfer mechanism; a rear range mecha-
nism operable for selectively establishing first and second
speed ratio drive connections between the mainshaft and the
rear output shaft; a mode mechanism operable for selec-
tively transmitting drive torque from the mainshaft to the
transfer mechanism; a front range mechanism operable for
selectively establishing first and second speed ratio drive
connections between the transfer mechamism and the front
output shait; a mode actuator for controlling operation of the
mode mechanism; a rear range actuator for controlling
operation of the rear range mechanism; and a front range
actuator for controlling operation of the front range mecha-
nism.

In accordance with an embodiment of the two-speed
transier case constructed in accordance with the present
disclosure, the mode actuator 1s a power-operated mode shiit
arrangement and the rear and front range actuators are a
common power-operated range shift arrangement.

In accordance with an embodiment of the two-speed
transfer case constructed in accordance with the present
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disclosure, the mode mechanism and the transter mechanism
are associated with a first or low-torque power transfer
section while the rear and front range mechanisms are
associated with a second or high-torque power transier
section.

In accordance with an embodiment of the two-speed
transfer case constructed in accordance with the present
disclosure, the mode mechanism 1s a friction clutch and the
mode actuator 1s power-operated to permit adaptive or
on-demand torque transier between the mainshait and the
transier mechanism, and wherein the drive torque transmit-
ted via the iriction clutch to the transfer mechanism 1s
subsequently transmitted to the front output shaft via the
front range mechanism at one of the first and second speed
ratios.

In accordance with an embodiment of the two-speed
transfer case constructed in accordance with the present
disclosure, the rear range mechanism includes a first plan-
ctary gearset driven by the mainshaft and a first range shiit
component moveable between at least two distinct range
positions relative to the first planetary gearset to establish
the first and second speed ratio drive connections between
the mainshait and the rear output shaft. Additionally, the
front range mechanisms includes a second planetary gearset
driven by the transier mechanism, and a second range shiit
component moveable between at least two distinct range
positions to establish the first and second speed ratio drive
connections between the transfer mechanism and the front
output shafit.

Further areas of applicability will become apparent from
the description provided herein. The description and specific
examples 1n this summary are intended for purposes of
illustration only and are not intended to limit the scope of the
present disclosure.

DRAWINGS

The drawings described herein are for illustrative pur-
poses only of selected embodiments and not all possible
implementations, and are not intended to limit the scope of
the present disclosure.

FIG. 1 1s a schematic representation of a four-wheel drive
motor vehicle equipped with a heavy-duty transfer case
constructed 1n accordance with the teachings of the present
disclosure:

FIG. 2 1s a diagrammatical 1llustration of the heavy-duty
transier case constructed 1n accordance with the teachings of
the present disclosure;

FIGS. 3 and 4 illustrate one embodiment of a heavy-duty
transier case embodying the configuration shown 1n FIG. 2
and which 1s constructed in accordance with the teachings of
the present disclosure; and

FIG. 5 illustrates another embodiment of a heavy-duty
transier case embodying the configuration shown in FIG. 2
and which 1s constructed 1n accordance with the teachings of
the present disclosure.

DETAILED DESCRIPTION

Example embodiments of transfer cases for use 1in heavy
duty four-wheel drive vehicles will now be described more
tully with reference to the accompanying drawings. How-
ever, 1t 1s to be understood that the disclosed embodiments
can take various and alternative forms. The drawings are not
necessarlly to scale with some features exaggerated or
mimmized to show details of particular components. There-
fore, specific structural and functional details disclosed
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herein are not to be interpreted as limiting, but merely as a
representative basis for teaching one skilled in the art to
employ the inventive concepts and arrangements associated
with the present disclosure. As those skilled in the art will
understand, various features illustrated and described with
reference to any one of the drawings can be combined with
teatures illustrated in one or more other drawings to produce
embodiments that are not expressly illustrated or described.
The combination of features illustrated provide representa-
tive embodiments for typical applications.

Referring now to FIG. 1 of the drawings, a drivetrain for
a four-wheel drive vehicle 1s schematically shown interac-
tively associated with a power transfer system 10 which
incorporates one or more products or assemblies embodying
the teachings of the present disclosure. The example motor
vehicle drivetrain generally includes a front driveline 12 and
a rear driveline 14 both driveable from a source of rotary
power. In the non-limiting arrangement shown, the source of
power 1s a powertrain 15 comprised of an internal combus-
tion engine 16 and a transmission 18. In the particular
embodiment shown, the drivetrain also includes a transfer
case 20 configured for transmitting rotary power (1.e. drive
torque) from powertrain 15 to front driveline 12 and rear
driveline 14. Front driveline 12 1s shown to include a pair of
front ground-engaging wheels 22 connected at opposite ends
of a front axle assembly 24 having front axle shaits 25 and
a front differential unit 26. Front driveline 12 also includes
a front propshait 28 interconnecting a front output shait 30
of transfer case 20 to front diflerential unit 26. Stmilarly, rear
driveline 14 1s shown to include a pair of rear ground-
engaging wheels 32 connected at opposite ends of a rear axle
assembly 34 having rear axle shafts 35 and a rear diflerential
unit 36. Rear driveline 14 further includes a rear propshatt
38 interconnecting a rear output shaft 40 of transier case 20
to rear diflerential unit 36.

As will be detailed heremafter with greater specificity,
transier case 20 1s generally configured as shown in FIG. 2
to include a mode mechanism 44, a transfer mechanism 46,
a rear range mechanism 48, a front range mechanism 50, and
a power-operated actuator mechanism 54 for controlling
actuation ol mode mechanism 44 and front and rear range
mechanisms 350, 48. Power transier system 10 1s further
shown 1 FIG. 1 to include an array of sensors 56 arranged
and configured for sensing dynamic and operational char-
acteristics of the motor vehicle and generating sensor signals
indicative thereof, and a controller 58 for generating control
signals 1n response to the sensor signals. A mode select
mechanism 60 permits the vehicle operator to select one of
the available drive modes. In particular, controller 38 func-
tions to control actuation of power-operated actuator mecha-
nism 34 1n response to the mode signal from mode select
mechanism 60 that 1s indicative of the particular drive mode
selected. Additionally, a disconnect clutch 62 1s shown
associated with one of front axle shatts 25, the operation of
which 1s controlled by a disconnect actuator 64 1n response
to control signals from controller 58. As 1s widely under-
stood, disconnect clutch 62 1s engaged when drive torque 1s
transmitted to front driveline 12 when one of the available
four-wheel drive modes 1s selected and 1s released when
drive torque 1s transmitted only to rear driveline 14 when a
two-wheel drive mode 1s selected. As will be detailed,
transier case 20 1s configured to permit establishment of a
two-wheel high-range (2H) drive mode, a four-wheel high-
range (4H) drive mode, and a four-wheel low-range (4L)
drive mode.

Referring to FIG. 2, transier case 20 1s diagrammatically

shown to include an mput shait or mainshatt 70 that 1s
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adapted to be interconnected to an output shaft of transmis-
sion 18 and receive the drive torque generated by powertrain
15. Mainshaft 70 and rear output shait 40 are designed for
rotation about a common rotary axis. A transier case housing
72 1s shown generically to enclose and support the compo-
nents of transier case 20. As seen, rear range mechanism 48
1s operably disposed between mainshaft 70 and rear output
shaft 40 and 1s configured to permit establishment of two
distinct speed ratio drive connections therebetween. The
distinct speed ratios may 1nclude a first or direct speed ratio
and a second or reduced speed ratio. A range actuator 74
associated with power-operated actuator mechanism 54 1s
provided for moving a rear range shift component associated
with rear range mechanism 48 to selectively establish the
two distinct speed ratio drive connections. Mode mechanism
44 1s operably disposed between mainshait 70 and transfer
mechanism 46 and 1s configured to selectively couple and
uncouple transfer mechanism 46 with respect to mainshaft
70 so as to control the transmission of drive torque from
mainshaft 70 to transter mechanism 46. A mode actuator 76,
associated with power-operated actuator mechanism 54, 1s
provided for moving a mode shift component associated
with mode mechanism 44 to control the transfer of drive
torque from mainshait 70 to transfer mechanism 46. Front
range mechanism 50 1s operably disposed between transier
mechanism 46 and front output shaft 30 and 1s configured to
permit selective establishment of two distinct speed ratio
drive connections therebetween. The distinct speed ratios
may include a first or direct speed ratio and a second or
reduced speed ratio. Range actuator 74 1s shown arranged to
also move a front range shilt component associated with
front range mechanism 50 for selectively establishing the
two distinct speed ratio drive connections between transier
mechanism 46 and front output shait 30. While separate
range actuators can be used for each of rear range mecha-
nism 48 and front range mechanism 30, a single or common
range shift actuator 74 1s shown to indicate coordinated
range shifting.

With continued reference to FIG. 2, the establishment of
the available drive modes provided by transfer case 20 will
now be detailed. The 2H drive mode i1s established when
mode mechanism 44 1s 1n a disengaged or released condition
and the direct speed ratio drive connection 1s established
between mainshatt 70 and rear output shait 40 via rear range
mechanism 48 such that all drive torque 1s transmuitted to rear
driveline 14. In the 2H drive mode, no drive torque 1is
transmitted from mode mechamsm 44 through transier
mechanism 46 and front range mechanism 50 to front output
shaft 30. To eliminate possible back driving of the compo-
nents of front driveline 12, disconnect clutch 62 1s disen-
gaged when the 2H drive mode 1s selected. Preferably, front
range mechanism 50 establishes the direct speed ratio drive
connection between transier mechanism 46 and front output
shaft 30, despite no drive torque being transmitted thereto,
to maintain coordinated establishment of the speed ratios.

When the 4H drive mode 1s selected, disconnect clutch 62
1s engaged and mode mechanism 44 i1s shifted into an
engaged condition so as to transmit drive torque to transier
mechanism 46. The direct speed ratio drive connection 1s
maintained between mainshait 70 and rear output shaft 40
via rear range mechanism 48 and the direct speed ratio drive
connection 1s either maintained or established between
transier mechanism 46 and front output shaft 30 via front
range mechanism 50. Finally, the 4L drive mode 1s estab-
lished by maintaining mode mechanism 44 in 1ts engaged
condition, establishing the reduced speed ratio drive con-
nection between mainshait 70 and rear output shatt 40 via
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6

rear range mechanism 48, and establishing the reduced
speed ratio drive connection between transier mechanism 46
and front output shaft 30 via front range mechanism 50.

Referring now to FIGS. 3 and 4, a two-speed “‘on-
demand” version of transfer case 20 1s shown and 1dentified
by reference numeral 20A. Transier case 20A includes, 1n
this particular non-limiting example, a mode mechanism
44A configured as a multi-plate friction clutch 80 and a
mode actuator 76 A configured as a motor-driven ball ramp
unmit 82. Transtfer mechanism 46A 1s configured as a chain
drive assembly 84, rear range mechanism 48 A 1s configured
to include a rear planetary gearset 86 and a axially-movable
rear range collar 88, and front range mechanism S0A 1s
configured to include a front planetary gearset 90 and an
axially-moveable front range collar 92. Friction clutch 80
generally includes a clutch hub 100 driven by mainshatt 70,
a clutch drum 102, and a multi-plate clutch pack 104
disposed between hub 100 and clutch drum 102. Ball ramp
unit 82 includes an electric motor 106 and a gearset 108
configured to rotate at least one of first and second cam
plates 110, 112 which, 1n turn, 1s converted into linear travel
of second cam plate 112. As 1s understood, linear travel of
second cam plate 112 functions to regulate the magnitude of
a clutch engagement force exerted by a pressure plate 114 on
clutch pack 104 so as to adaptively regulate the amount of
drive torque transmitted from mainshaft 70 to clutch drum
102. It will be understood that alternative configurations for
mode actuator 76 can be employed 1n place of motor-driven
ball ramp unit 82 for controlling axial movement of pressure
plate 114 relative to clutch pack 104. In particular, such
alternative versions of mode actuator 76 may include, with-
out limitation, electro-hydraulic actuators, electromagnetic
actuators and other electro-mechanical actuators.

Transfer mechanism 46A 1s shown to imclude a first
transier component or first sprocket 116 fixed for rotation
with clutch drum 102, a second transfer component or
second sprocket 118 fixed to a transier shaft 120, and a third
transier component configured as an endless power chain
122 encircling first sprocket 116 and second sprocket 118. A
pair of laterally-spaced ball bearings 124 support first
sprocket 116 for rotation relative to housing 72 while a
needle bearing 126 supports first sprocket 116 for rotation
relative to mainshait 70. Another pair of laterally-spaced ball
bearings 128 rotatably support second sprocket 118 relative
to housing 72 and a needle bearing 130 rotatably supports
second sprocket 118 relative to front output shatt 30. As an
alternative to this chain and sprocket drive system, a gear
drive system could be disposed between clutch drum 102
and transfer shaft 120.

As noted, rear range mechanism 48 A generally includes
rear planetary gearset 86 and rear range collar 88. Planetary
gearset 86 includes a sun gear 140 fixed for rotation with
mainshatt 70, a ring gear 142 non-rotatably fixed to housing
72, a planet carnier 144, and a plurality of planet gears 146
rotatably supported by carrier 144 and in constant meshed
engagement with sun gear 140 and ring gear 142. Sun gear
140 includes a clutch ring section defining internal clutch
teeth 148. Similarly, planet carrier 144 includes a clutch ring
section having internal clutch teeth 150 that are axially offset
from sun gear clutch teeth 148. Rear range collar 88 1is
splined for rotation with and axially sliding movement on
rear output shait 40 between three range distinct positions
including a high-range (H) position, a neutral (N) position,
and a low-range (L) position. Rear range collar 88 1s shown
in FIGS. 3 and 4 located 1n its H range position.

When rear range collar 88 1s located in 1ts H range
position, 1ts external clutch teeth 152 meshingly engage with
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sun gear clutch teeth 148 so as to establish the direct speed
rat1o drive connection between mainshatt 70 and rear output
shaft 40. When rear range collar 88 i1s located 1n 1ts L range
position, 1ts external clutch teeth 152 meshingly engage with
carrier clutch teeth 150 so as to establish the reduced speed
ratio drive connection between mainshait 70 and rear output
shaft 40. When located 1n 1ts intermediate N position, rear
range collar teeth 152 are released from engagement with
both sun gear clutch teeth 148 and carrier clutch teeth 150
so as to interrupt the drive connection between mainshaitt 70
and rear output shait 40.

Front range mechanism S0A generally includes planetary
gearset 90 and front range collar 92. Planetary gearset 90
includes a sun gear 160 fixed for rotation with transfer shaft
120, a rning gear 162 non-rotatably fixed to housing 72, a
planet carrier 164, and a plurality of planet gears 166
rotatably supported on planet carrier 164 and 1n constant
meshed engagement with sun gear 160 and ring gear 162.
Sun gear 160 or transier shaft 120 includes a ring segment
defining internal clutch teeth, heremnafter sun gear clutch
teeth 170. Similarly, carrier 164 includes internal clutch
teeth 172 that are axially oflset from sun gear teeth 170.
Front range collar 92 1s splined for rotation with and axially
sliding movement on front output shaft 30 between three (3)
distinct range positions including a high-range (H) position,
a neutral (N) position, and a low-range (L) position. Front
range collar 92 1s shown located 1n its H range position.

When {front range collar 92 1s located 1n 1ts H range
position, 1ts external clutch teeth 174 are meshingly engaged
with sun gear clutch teeth 170 so as to establish the direct
speed ratio drive connection between transier shatft 120 and
front output shaft 30. When front range collar 92 1s located
in 1ts L range position, 1ts external clutch teeth 174 are
meshingly engaged with carrier clutch teeth 172 so as to
establish the reduced speed ratio drive connection between
transier shaft 120 and front output shait 30. When range
collar 92 1s located 1n 1ts N position, 1ts clutch teeth 174 are
released from engagement with sun gear clutch teeth 170
and carrier clutch teeth 172 so as to disconnect the drive
connection between transier shaft 120 and front output shaft
30.

Range actuator 74A 1s shown, in this non-limiting
example, to include a motor-driven range shift system 198
having an electric motor 200 rotatably driving an actuator
shaft 202. A range fork unit 204 includes an internally-
threaded nut segment 206 that 1s 1n threaded engagement
with an externally-threaded segment of actuator shait 202
such that the direction of shait rotation controls axial move-
ment of range fork unit 204. Range fork unit 204 includes a
first or rear fork section 208 with a bifurcated end segment
retained 1n an annular groove formed 1n rear range collar 88,
and a second or front fork section 210 with a bifurcated end
segment retained 1n an annular groove formed 1n front range
collar 92. Thus, axial movement of range fork unit 204 1n
response to rotation of actuator shaft 202 results 1n coordi-
nated axial movement of rear range collar 88 and front range
collar 92 between their respective H, N and L range posi-
tions. As noted, range actuator 74A 1s a non-limiting
example and 1s intended to represent any available arrange-
ment or device capable of controlling axial sliding move-
ment of range collars 88 and 92. It will be understood that
alternative configurations for range actuator 74 can be
employed 1n place of motor-driven range shiit system 198
for controlling coordinated axial movement of rear range
collar 88 and front range collar 92 between their respective
H, N and L range positions. In particular, such alternative
versions of range actuator 74 may include, without limita-
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tion, electro-hydraulic actuators, electromagnetic actuators
and other electro-mechanical actuators. A pair of separate
and distinct front and rear range actuators can be used to
provide independent movement of the range collars if
required or desired.

Transter case 20A 1s capable of establishing three differ-
ent four-wheel drive modes 1n addition to the 2H drnive

mode. These include a on-demand 4H drive (AUTO-4H)
mode, a locked 4H drive (LOCK-4H) mode, and a locked 4L
drive (LOCK-4L) mode. When the AUTO-4H mode 1is
selected, the amount of drive torque transmitted from main-
shaft 70 to front output shaft 30 can be adaptive controlled
by regulating the magnitude of a clutch engagement force
applied by pressure plate 114 to clutch pack 104 based on
road conditions and/or vehicle operating characteristics, as
detected by sensors 56. In both of the LOCK-4H and
LOCK-4L drive modes, iriction clutch 80 1s fully-engage or
“locked up” to prevent slip across clutch pack 104. A
mechanical mode lock (mode collar) can be used to
mechanically couple hub 100 to drum 102, or mechanically
couple first sprocket 116 to mainshaft 70, so as to permit
release of clutch pack 104 following establishment of the
locked mode 11 such an optional arrangement 1s desired.

Referring now to FIG. 5, an alternative configuration for
transier case 20 1s 1dentified as transier case 20B. In general,
transier case 20B 1s i1dentical to transfer case 20A (FIG. 4)
except that mode mechanism 44B 1s now a synchronized
mode clutch 220 instead of Iriction clutch 80, while mode
actuator 76B 1s now a motor-driven mode shift mechanism
222 instead of motor-driven ball ramp unit 82. Synchronized
mode clutch 220 includes a clutch hub 224 fixed to main-
shaft 70, a clutch ring 226 fixed to first sprocket 116, a
synchronizer 228, and an axially-moveable mode collar 230.

Mode collar 230 1s splined for rotation with and axial
movement on clutch hub 224. Mode collar 230 1s axially
moveable via motor-driven mode shaft mechanism 222
between a first or 2WD position and a second or 4WD
position. When 1n its 2ZWD position, mode collar 230 1s
released from engagement with clutch ring 226 such that no
drive torque 1s transierred from mainshaft 70 to (first
sprocket 116. Accordingly, all drive torque 1s directed to rear
output shatt 40 (via rear range mechanism 48A) to establish
the 2H drive mode. In contrast, mode collar 230 functions to
couple first sprocket 116 for common rotation with main-
shaft 70 when located in 1ts 4WD position. The LOCK-4H
and LOCK-4L drive modes are available when mode collar
230 1s located 1n 1its 4WD position. Motor-driven mode shiit
mechanism 222 includes an electric motor 236 and a rotary-
to-linear conversion device 238 configured to axially move
a mode fork 240 for controlling translational movement of
mode collar 230 between 1ts 2WD and 4WD positions.
Conversion device 238 1s intended to represent any suitable
arrangement operable to convert the rotary output of electric
motor 236 into a translational mput applied to mode fork
240.

As an option to the on-demand version of mode mecha-
nism 44 A and the synchronized dog-clutch version of mode
mechanism 44B, 1t 1s contemplated that other arrangements
can be employed to selectively interconnect mainshaft 70 to
transier shaft 120. For example, a non-synchronized version
of a dog type mode clutch can be employed. As another
option, a selectably actuatable overrunning clutch could be
employed. It 1s further contemplated that an interaxle dii-
terential unit could be employed to interconnect mainshatt
70 to first sprocket 116 and an intermediate shaft (not
shown) aligned with mainshatt 70 and rear output shatt 40
and to which sun gear 140 1s fixed for rotation. Specifically,
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the interaxle differential umit would include a differential
input component fixed for rotation with mainshaft, a first
differential output component fixed for rotation with {first
sprocket 116, a second differential output component fixed
for rotation with the intermediate shait, and a gearset con-
figured to interconnect the differential input component to
the first and second differential output components to facili-
tate torque transier and speed diflerentiation therebetween.
The interaxle differential unit could be disposed generally
between first sprocket 116 and first planetary gearset 86. In
such an arrangement, mode mechanism 44 and mode actua-
tor 76 would provide a variable limited slip feature (using
friction clutch 80) or an open/locked feature (using mode
clutch 220). The interaxle differential unit would provide
tull-time four-wheel high-range and low-range drive modes.
Those skilled 1n the power transfer art will recognize that
other available options are available 1n addition to the
non-limiting examples disclosed herein.

Those skilled in the art will recognize and appreciate that
a single power-operated shift system can be mtegrated into
transfer cases 20A, 20B to coordinate actuation of the mode
mechanisms and the front and rear range mechamisms as an
alternative to the individual actuators shown and described.
It 1s further contemplated that the mode and range actuators
could be any suitable electrohydraulic, electromechanical,
clectromagnetic, linear actuator, ballscrew and/or camming
system capable of use 1n the transfer case and transmission
art to meet required packaging and power requirements.

FIG. 4 also illustrates transier case 20A further including
a lubrication pump 300 for pumping a lubricant from a sump
302 to components aligned on the rotary axis associated with
mainshaft 70, mode mechanism 44, transfer mechanism 46
and rear range mechanism 48. Pump 300 can be a shaft-
driven device or a stand-alone electric lube pump. Splash of
lubricant from rotation of front output shait 30 and second
sprocket 118 1s used to lubricate the components aligned on
the rotary axis associated with front output shait 30 and front
range mechanism 30.

The present disclosure provides a solution for creating a
heavy-duty transier case using available, high volume, regu-
lar-duty and/or medium-duty components, commonly
referred to as “platform™ components. Specifically, the loca-
tion of mode mechanism 44 and transier mechanism 46 prior
(1.e. upstream) of the power flow to range mechanisms 48
and 50 1solates mode mechanism 44 and transfer mechanism
46 from the high output torques typically required from a
heavy duty transfer case. Thus, current platform or other-
wise available components, sub-assemblies and mechanisms
currently 1 production can be reconfigured to provide a
unique solution for heavy duty requirements. This utilization
of smaller, lower weight components results 1n lower mass
and improved fuel etliciency for the motor vehicle equipped
with the transfer cases of the present invention.

The present disclosure encompasses a transfer case hav-
ing a low-torque power transier section 320 providing a
power split from mainshait 70 into a front power path and
a rear power path. A high-torque power transfer section 322
of the transfer case 20 provides a two-speed range shiit
system 1n each of the front and rear power paths. Actuation
of the two distinct two-speed range shift systems must be
coordinated to provide establishment of the desired high-
range and low-range drive connections.

The foregoing description of the embodiments has been
provided for purposes of illustration and description. It is not
intended to be exhaustive or to limit the disclosure. Indi-
vidual elements or features of a particular embodiment are
generally not limited to that particular embodiment, but,
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where applicable, are interchangeable and can be used 1n a
selected embodiment, even iI not specifically shown or
described. The same may also be varied in many ways. Such
variations are not to be regarded as a departure from the
disclosure, and all such modifications are intended to be
included within the scope of the disclosure.

The mvention claimed 1s:

1. A transier case for use 1 a motor vehicle having a
powertrain and front and rear drivelines, the transfer case
comprising;

a mainshait adapted to receive drive torque from the

powertrain;

a rear output shaft adapted to be connected to the rear
driveline;

a front output shaft adapted to be connected to the front
driveline;

a transier mechanism having a first transfer component
rotatably supported on said mainshaft and a second
transier component rotatably supported on said front
output shaft, said first and second transier components
being drivingly interconnected for common rotation;

a mode clutch operable 1n a first mode to disconnect said
first transier component from said mainshaft and 1n a
second mode to connect said first transier component to
said mainshaftt;

a mode actuator for controlling shifting of said mode
clutch between 1ts first and second modes:

a rear planetary gearset having a first component driven
directly by said mainshaft and a second component
driven at a reduced speed relative to said mainshatft;

a rear range collar drivingly connected to said rear output
shaft and moveable between first and second range
positions relative to said rear planetary gearset, said
rear range collar operable 1n 1ts first range position to
establish a drive connection between said first compo-
nent of said rear planetary gearset and said rear output
shaft and 1s Turther operable 1n its second range position
to establish a drive connection between said second
component of said rear planetary gearset and said rear
output shaft;

a front planetary gearset having a first component driven
directly by said second transfer component and a
second component driven at a reduced speed relative to
said second transfer component;

a front range collar dnivingly connected to said front
output shaft and moveable between first and second
range positions relative to said front planetary gearset,
said first range collar operable 1n its first range position
to establish a drive connection between said {irst com-
ponent of said front planetary gearset and said front
output shait and 1s further operable in 1ts second range
position to establish a drive connection between said
second component of said front planetary gearset and
said front output shatt; and

a range actuator operable for controlling coordinated
movement of said rear range collar and said front range
collar between their respective first and second range
positions.

2. The transfer case of claim 1 wherein said range actuator
1s a single power-operated mechanism configured to cause
coordinated movement of said front range collar and said
rear range collar between their respective first and second
range positions.

3. The transfer case of claim 1 wherein said range actuator
includes a front range actuator for controlling movement of
said front range collar and a rear range actuator for control-
ling movement of said rear range collar.
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4. The transfer case of claim 1 wherein said mode clutch
1s a multi-plate friction clutch operably disposed between
said mainshait and said first transfer component, and
wherein said mode actuator 1s a power-operated device
configured to control variable engagement of said friction

clutch.
5. The transter case of claim 1 wherein said mode clutch

1s a dog clutch operably disposed between said mainshait
and said first transfer component, and wherein said mode
actuator operates to move said dog clutch between a first
position disconnecting said first transfer component from
said mainshaft and a second position connecting said first
transfer component for rotation with said mainshafit.
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